In recent years, a team at the Geology and Paleogeography Unit, Marine Sciences Institute, University of Szczecin, has been performing geological, geochronological and paleogeographic surveys in (i) the Szczecin Lagoon and Świna Gate Sandbar and (ii) the estuary section of the Rega river valley near Mrzeżyno. These studies have helped to examine and identify not only the distribution of fossil marine sediments but also their lithological and sedimentological characteristics. The age of marine ingressions and regressions in the coastal zone of the Pomeranian Bay were determined using approximately 170 radiocarbon assays. It was found that the marine ingression associated with the 'Littorina transgression' was not synchronous at these two areas. It started earlier in the Mrzeżyno area, ca. 8300-8200 cal BP. In that first phase, marine sediments developed as tightly packed sands containing a few fragments of shells. In several profiles, these deposits were separated from the bottom and top with layers of peat, thus allowing an indirect determination of their age. The next phase of ingression began about 7300 cal BP. These younger marine sediments already contained quite numerous shells of marine malacofauna, especially Cardium glaucum, often found in a life position. In the area of the Szczecin Lagoon and Swina Gate Sandbar, the oldest marine ingression started as early as about 7350 cal BP. The quite clear trace is a considerably thicker series of marine sands with numerous sea shells representing marine and brackish-marine environments, including Cardium glaucum shells in a life position, which made it possible to identify the age and the rate of accumulation of marine sands.
INTRODUCTION
The age of marine ingressions on the Polish Baltic coast has been discussed for a long time. Usually, the discussions have not been based on age determinations of marine sediments, but rather used dating of organic matter (peat, gyttja, wood fragments) underlying or covering marine layers.
The aim of this study was to determine the actual age of the marine sand layers documented in a number of locations in the coastal zone of the Pomeranian Bay (Borówka et al., 1999 (Borówka et al., , 2002 (Borówka et al., , 2005 Cedro, 2003 Cedro, , 2005 . A conducive factor was the presence of fossil shells of Cardium glaucum in marine sediments, some of which were preserved in a life position. This mollusc species is particularly poorly resistant to being buried in sediments, due to its very short siphon (Wołowicz, 1991) . Therefore, the radiocarbon age of the intact shells found is a de facto age of deposits where they were buried (taking into account the reservoir effect).
An additional factor which enabled higher dating precision is the fact that the mollusc Cardium glaucum has a short life, max. 3-4 years (Wołowicz, 1991) . Hence the determination of the age of whole shells did not require taking into account the age of the mollusc.
STUDY AREA
The study was conducted in two test areas located on the Polish coast of the southern Baltic Sea (Fig. 1) . The areas included the present area of Szczecin Lagoon (54º48' N, 14º20' E) and the estuary of the Rega river (54º48' N, 14º20' E).
Szczecin Lagoon has an area of approximately 665 km 2 . It is a shallow freshwater body, with a natural depth not exceeding 8.5m, fed mainly by the Oder and its smaller tributaries: Ücker and Peene. The sediments filling the eastern part of the lagoon (Great Lagoon) are at max. 5 metres thick and lie on fluvial sands on lower lying glaciofluvial gravels and sands (Borówka et al., 2002; 2005) . The deposits in stratigraphic order are: late glacial, early and middle holocene peat and gyttjas, sands with marine fauna of Cardium glaucum, Macoma balthica, Mytilus edulis, Hydrobia ventrosa and Hydrobia ulvae, and then algal and silt gyttjas with lacustrine malacofauna (Borówka et al., 2002; 2005) .
The Rega river estuary occupies a former portion of the marginal valley, with longitudinal orientation and a general westward decline (Karczewski, 1968) . The fossil bottom of the valley is a residual lag shearing interplenivistulian sand and silt sediments, and vistulian tills on the slopes. The deposits of this valley in stratigraphic order are: glaciofluvial sands and gravels, late glacial silts and clays, early and mid-holocene peats and gyttjas, sands with marine fauna from Cardium glaucum, Macoma balthica and Mytilus edulis separated by a layer of peat, in lateral contact with the sands in the north and lacustrine deposits in the south. This sequence is covered by mid-and late-holocene peats and then aeolian sands (Cedro, 2005; 2008) .
MATERIALS AND METHODS
The materials of this research were deposits filling the aforementioned sedimentary basins. In Szczecin Lagoon they were identified using 38 vibroprobes reaching about 4 m below the present-day seabed (Fig. 2) . In the Rega estuary 29 test drillings were performed, with depths ranging from 7.5 to 13 meters (Fig. 3) .
From the selected vibroprobes and drillings, samples of organic sediments were collected, including Cardium glaucum shells, in order to determine their radiocarbon ages. Gyttja and peat samples were dated at the Radiocarbon Laboratory, Institute of Physics, Gliwice. The age of Cardium glaucum shells found in life position was determined using AMS at Poznań Radiocarbon Laboratory. The samples comprised 118 gyttja and peat samples, 7 wood samples and 70 samples of shells.
The reservoir age of Cardium shells was assumed as 300 years, according to values for the southern Baltic based on the Chrono Marine Reservoir Database (http://intcal.qub.ac.uk/marine/). Calendar ages were determined using an Internet programme OxCal (https://c14.arch.ox.ac.uk, Bronk Ramsey, 2009) and calibration curve IntCal09 (Reimer et al., 2009 ) -see Table 1 and 2.
RESULTS

Szczecin Lagoon
In the area of Szczecin Lagoon, radiocarbon dating was performed on 56 samples of organic sediments and 67 Cardium glaucum shells. Selected results from nine geological probes are presented in Table 1 .
Only those results which are significant for the determination of the age of marine sediments and organic deposits below them have been presented. Results of calibration for all samples are presented as frequency distribution of radiocarbon dates on calendar time scale in Fig. 4 .
The ages of organic sediments fall in two groups, i.e., from about 15,000 until 6000 cal BP and after 3500 cal BP. The age of Cardium glaucum shells, showing the period of accumulation of marine sediments in the present day Szczecin Lagoon, ranges from about 7200 to 3800 cal BP ( Table 1) .
Marine sediments which developed as fine and medium sands at the bottom and silts at the top, are located mainly on limnic and swamp sediments, especially in the central part of the Great Lagoon, and on fluvial deposits in the western parts. Their base occurs at depth of -10 m to -6.5 m amsl with a thickness rarely exceeding 1.5 m.
Based on the results of radiocarbon age determinations presented in the Table 1 and the example of a profile (Fig. 5) , it can be assumed that in the area of Szczecin Lagoon the sea ingression began at the earliest around 7360 years cal BP, and at the latest about 7000 years cal BP. This is evidenced by the oldest mollusc shells derived from the bottom of the marine sediments (ZSW 78/93 -see Table 1) , and is further supported by the results of age determinations of the youngest layers of peat and organic mud under the marine sediments (ZS 28/57 -see table). The sea lagoon lasted until about 3800 years cal BP. Based on data from profile 35/99 (Fig. 5 ) and other locations, it appears that in this relatively long period there was a continuity of marine sedimentation.
Area of the Rega river estuary
In the estuary of the Rega River, radiocarbon determinations were performed for 67 samples ( Fig. 6 ) of organic sediment samples and 3 shell samples from 29 boreholes. Selected results from 8 boreholes are presented in Table 2 .
The age of organic sediments is grouped in several classes, i.e. from 14,000 to 12,000 years cal BP, from 11,000 to 7500 cal BP to, from 7000 to 4500 cal BP and from 3000 to 1000 cal BP.
The dating results presented in the Table 2 and the example of a profile (Fig. 7) show that in the vicinity of Mrzeżyno (estuary of the Rega River), the earlier phase of sea ingression occurred between 8360 cal BP and 8180 cal BP. That phase of ingression is represented by heavily packed marine sand deposits containing a few fragments of shells. They can be found at the ordinate -7 m amsl. These deposits are both underlying and covering layers of peat. The peats underlying the deposits with the aforementioned age were found in three bores/drillings, and peat covering the deposits in seven drillings. The younger layer of peat was accumulated in the period between 8180 cal BP and 7640 cal BP. On the layer at the ordinate Based on data from the profile (Fig. 7) and other locations, it can be suggested that this area experienced two brief episodes of marine sedimentation which lasted for about 180 years (the earlier one) and from about 200 to max. 600 years (the later one).
DISCUSSION AND CONCLUSIONS
Comparing the periods of marine deposit formation in the aforementioned sedimentary basins, it may be noted that the ingression of Baltic waters associated with the socalled Littorina transgression was not synchronous in these two areas. It started earlier in the area of Mrzeżyno (Fig. 8) around 8300-8200 cal BP. Deposits that developed during that first phase contained few fragments of shells, therefore it is possible that they represent the facies of washover fans forming during heavy storms on the landward side of the spit, combined with a surge of waters on the southern coast of the Baltic sea. Such fossil washover fans are known from many sections of sandbar coasts including the area of Karwia (Gajewski et al., 2004) and on the southern coast of the Hel Spit (Tomczak, 1999) . This interpretation is also suggested by the short-term accumulation of these deposits, not greater than 180 years. Given that their age was determined only indirectly, it cannot be excluded that they were accumulated during an even shorter period.
Analyzing the most recent literature on the ingression of the sea in the South Baltic area, clear signs can be found of marine ingression about 8300-8200 cal BP, for example in the Gardno-Łeba Costal Plain (Rotnicki, 2009 ). On the nearby Lithuanian coast, the first ingression occurred significantly earlier, about 8900 cal BP (Bitinas and Damušyte, 2004) .
The second phase of ingression in the Mrzeżyno area started about 7300 years cal BP. These younger marine sediments already contained a considerable number of malacofauna marine shells, especially Cardium glaucum, often found in intravital position. This phase of ingression was also rather short, ending 6700 cal BP as is evidenced by the following geological facts: -the presence of the oldest peat deposits about 6700 cal BP, on the marine sands, -the presence of fluvial sediments, older than 6600 cal BP, inserted in the marine sands In the area of the Szczecin Lagoon and the Świna Sandbar (Fig. 9) , the oldest marine ingression could not have begun earlier than 7360 cal BP (Borówka et al., 2002 (Borówka et al., , 2005 , and therefore more or less at the same time as the second phase in the area of Mrzeżyno. The quite clear trace is a considerably thick series of sands with numerous shells representing the marine and brackishmarine environments (Woziński et al., 2003) , including the shells in life position of Cardium glaucum which make it possible to identify the age and the rate of accumulation of marine sands (Borówka et al., 2009) . Geological documentation of the Szczecin Lagoon suggests that the accumulation of marine sediments continued uninterrupted until about 3800 cal BP.
That second phase of sea ingression occurred during the period of a sea level rise on the Gardno-Łeba Coastal Plain (Rotnicki, 2009) . It also coincided with a distinct (Bitinas and Damušyte, 2004) . In Lithuania, similar to the area of Mrzeżyno, that phase of sea level rise was relatively short and followed by a very clear regression which in the vicinity of Mrzeżyno resulted in the insertion of Rega river into marine sediments. Within the lagoon itself there is no clear evidence of subsequent sea regression. This is probably due to the fact that the marine works in the Szczecin Lagoon formed at a much lower ordinate compared to the area of Mrzeżyno.
It should also be noted that ingressions appeared earlier in the Gardno-Łeba Coastal Plain and in the area of Mrzeżyno, compared to Szczecin Lagoon. This was probably caused by the different bathymetric situation of the bottom of the Baltic Sea in the area adjacent to the Świna Sandbar and the Pomeranian Bay, where shallow waters occur at a considerable distance from the presentday shore, reaching just behind the northern border of the Oderbank Plateau. During the marine ingression, combined with the rising sea level, at the bottom of the Pomeranian Bay to the shore was significantly longer in comparison with the area of Mrzeżyno and the zone adjacent to the Gardno-Łeba Coastal Plain. This distance must have taken much more time to cover, hence a short-term ingression could only be observed where the 20m isobath is located near the modern coastline. 
